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TITLE OF.THE INVENTION 

Ink-Jet Cartridge and Ink-Jet Apparatus Using 

the Same 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a liquid 

discharge or spray recording head and. more 

par~icularly. to a liquid spray ·recording head (to be 

also referred to as an •ink-jet cartridge• hereinafter) 

integrally formed with an ink storage portion (to be 

also referred to as an •ink tank" hereinafter) serving 

as a supply source of a recording liquid (to be also 

referred to as an "ink" hereinafter). 

Related Background Art 

A conventional liquid spray recording apparatus 

(to be also referred to as an "ink-jet printer" 

hereinafter) comprises a recording head for discharging 

or injecting an ink onto a recording medium and an ink 

supply source which is separately arranged at a remote 

posit-ion to supply an ink to the recording head. The 

recording head and the ink supply source are connected 

through an ink supply system including a supply pipe and 

the like. 

Since an ink-jet printer of this type generally 

requires a long supply pipe. cumbersome connections are 

involved in assembly. and evaporation of an ink and 
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f9rmation of air bubbles in the ink tend to occur. 

The applicant of the present application 

proposes an ink-jet printer in which a head and an ink 

supply source are constituted by an integral unit, as 

disclosed in Japanese Patent Application No. 60-91236 

(Japanese Patent Laid-Open No. 61-249757) ,· Japanese 

Patent Application No. 61-165667 (Japanese Patent Laid­

Open No. 63-22653), Japanese .Patent Application No. 63-

275793, and the like. In such a proposal, ink 

evaporation and formation of air bubbles in the ink can 

be eliminated. In addition, piping is not required. 

Handling of an ink supply system including the head and 

the ink supply source can be facilitated. 

The process for manufacturing the above 

recording ·head includes a step of connecting a recording 

head body to an ink tank. In this case, easy mounting 

at the time of connection between the head body and the 

ink tank and a stable ink flow in a mounted state must 

be assured. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 

provide an ink-jet recording head wherein a recording 

head body can be easily connected to an ink tank, and a 

stable ink flow is assured in a mounted state. 

It is another object of the present invention to 

provide an ink-jet cartridge including an ink-jet head 

body having injection ports and energy generating 
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elements for generating energy used for injecting an 

~ink, the energy generating elements being arranged in 

correspondence with the injection ports, and an ink 

storage portion for storing the ink supplied to the ink­

jet head body, the ink storage portion being integrally 

formed with the ink-jet head body1 wherein the ink-jet 

head body and the ink storage portion include coupling 

members, respectively, which are coupled to each other 

upon mounting of the ink-jet head body on the ink 

storage portion1 the ink storage portion includes an 

absorbing member for absorbing the ink and a supply port 

for supplying the ink: and the ink-jet head body 

includes an ink communication pipe inserted into the 

supply port upon coupling of the coupling members during 

mounting of the ink-jet head body on the ink storage 

portion so that a guide port of the ink communication 

pipe abuts against the absorbing memb~r. 

It is still another object of the present 

~nvention to provide an ink-jet apparatus comprising the 

above-d~scribed ink-jet cartridge: and a member for 

carrying the ink-jet cartridge. 

According to the present invention, when the 

recording head body is to be connected to the recording 

liquid storage portion, coupling members are coupled to 

each other during mounting of the recording head body 

and the recording liquid storage portion, thereby 

completing this mounting operation. In this case, a 
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communication pipe connected to the recording head body 

is inserted inside the storage portion through a supply 

·port, and a guide port compresses an absorbing member 

inside the storage portion, thereby assuring 

communication of the recording liquid. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Figs. 1A and lB are an exploded perspective 

view and a perspective view showing an arrangement of an 

ink-jet recording head according to an embodiment of the 

present invention; 

Fig. 2 is a perspective view showing an arrangement 

of an ink-jet printer using the recording head shown in 

Figs. lA and lB: 

Figs. 3A and 3B are sectional views showing a 

method of connecting a recording head element and an ink 

tank shown in Figs. lA and lB;r.'.arld 

Fig. 4 is a view for explaining a member for 

assuring a state of connection between the recording 

head element and the ink tank. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT: 

The present invention will be described in detail 

with reference to the accompanying drawings. 

Figs. lA and lB show an ink-jet recording head 

according to an embodiment of the present invention~ 

More specifically, the ink-jet recording head is a 

disposable head in which an ink tank serving as an ink 

storage member is formed integrally with a recording 



- 5 -

.head element. 

A recording head element 100 includes an injection. 

portion 102, a supply tank portion 104, a wiring board 

105 having a wiring pattern for transmitting a signal 

for driving energy generating elements for generating 

energy for injecting an ink, and a base plate 106 for 

supporting the injection portion 102, the supply tank 

portion 104, and the wiring board 105. The injection 

portion 102 includes injection ports 102A formed in a 

surface opposite to a recording medium, liquid paths 

formed inside the injection portion 102, injection 

energy generating elements such as electricity-heat 

converters, and a common liquid chamber communicating 

with _the respective liquid paths. The liquid paths and 

the common liquid chamber constitute an ink path. The 

supply tank portion 104 serves as a subtank for 

receiving an ink from an ink tank 110 and supplying it 

to the common liquid chamber in the injection portion 

102. The base plate 106 is made of aluminum or the like 

and also serves as a heat radiation plate for suppressing 

heat generation of the head element upon driving of the 

electricity-heat converters. 

An ink absorbing member 112 is arranged inside the 

ink tank 110 and is made of a porous material or fibers. 

A cover member 114 covers the ink tank 110. 

Projections 107 are formed on the head element 100 

and have tapered portions which facilitate connection 
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with the ink tank 110. An opening 117 is formed in each 

wall ·portion 117A of an element storage portion llOA of 

the ink tank 110 a~d engaged with the corresponding 

projection 107 to couple the head element 100 to the ink 

tank 110. An abutment member 118 is formed in the 

element storage portion llOA to facilitate mounting of . 

the head element 100 and assure its mounted state. The 

abutment member 118 is engaged with the rear end face of 

the base plate 106. A projection 119 positions the head 
. 

element 110. A supply port 120 supplies an ink from the 

ink tank 110 to the head element 100. The detailed 

structures of these members will be described later. 

An ink-jet printer (Fig. 2) using the ink-jet 

recording head having the above arrangement, i.e., an 

ink-jet printer using a disposable cartridge recording 

head, can be obtained. 

Referring to Fig. 2, the printer includes cartridge 

recording heads 14 shown in Figs. 1A and lB. The 

recgrding heads 14 are fixed on a carriage 15 by press 

members 41 and are reciprocally moved.along shafts 21 in 

the longitudinal direction of the printer. Positioning 

of the recording heads 14 can be performed by the hole 

formed on each recording head element 100 and a 

co.rresponding dowel formed on the carriage 15. 

An ink injected from each recording head reaches a 

recording medium 18 located on a platen 19 spaced apart 

from the recording head by a small gap, thereby for.ming 
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an ima~e·on the recording medium 18. 

Injection signals corresponding to image data are 

supplied from an appropriate data supply source to the 

recording heads through a cable 16 and terminals 

connected to the cable 16. At least one cartridge 14 

(two cartridges in Fig. 2) can be arranged in accordance 

with the number of colors of inks to be used. 

Referring to Fig. ·2, the prii:iter also includes a 

carriage motor 17 for driving the carriage 15 along the 

shafts 21, and a wire 22 for transmitting a driving 

force of the motor 17 to the carriage 15. In addition, 

a feed motor 20 is connected to the platen 19 to feed 

the recording medium 18. 

Figs. 3A and JB are sectional views taken along 

the lines A - A of Figs. 1A and lB, respectively. A 

method of mounting the head element 100 on the ink tank 

110 will be described with reference to Figs. 3A and 

3B. 

Referring to Figs. 3A and 3B, a conununication 

pipe 109 is connected from the supply tank portion 104 

of the head element 100 and extends through the base 

plate 106. The communication pipe 109 can extend into 

the ink tank 110 through a supply port 120. A filter 

109A is mounted at the distal end of the communication 

pipe 109 to prevent air bubbles from entering from the 

ink tank 110 to a supply tank chamber 104A. A heater 

board 102B has electricity-heat converters (heaters) as 
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injection energy generation elements thereon. A top 

plate 102C is combined with the heater board 102B to 

constitute the injection portion 102. Therefore, the 

injection ports 102A, the liquid paths communicating 

with them, and the common liquid chamber for receiving 

ink from the supply tank chamber 104A and supplying it 

to the respective ink paths are formed. 

In order to connect the head element 100 to the ink 

tank 110, the head· element 100 is mounted on the ink 

tank 110 in a direction indicated by an arrow in 

Fig. 3A. At this time, upon engagement of the tapered 

surface of the projection 107 and the opening 117 formed 

in the wall portion 117A of the ink tank 110, the wall 

portion 117A is widened· outward. At the same time, the 

communication pipe 109 enters into the supply port 120. 

When the projection 107 is located at a position 

perfectly opposite to the opening 117, the wall portion 

117A returns to the initial position by its spring 

force. · The projection 107 is perfectly fitted in the 

opening 117 to obtain a mounted state shown in 

Fig. 3B. The guide port at the distal end of the 

communication pipe 109 abuts against the absorbing 

member 112, thereby obtaining good ink communication. 

In Fig. 3B •. an 0-ring 122 serves as a sealing member 

for appropriately sealing the ink at the supply port 

120 . 

. With the above arrangement, the head element 100 
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can be.connected to the ink tank 110 by simply inserting 

the head element 100 into the ink tank 110 in the 

direction indicate~ by the arrow in Fig. 3lAJ without 

requiring any operation such as adhering. In addition, 

the communication pipe 109 connected to the head element 

100 is inserted into the ink tank 110, and its distal 

end abuts against the ink absorbing member 112, thereby 

assuring the ink communication state. 

In the above arrangement, the projections 107 are 

formed on the head element, and the openings 117 are 

formed in the wall portions 117A of the ink tank 110. 

During mounting, the pr_ojection 107 is engaged with the 

opening 117 by utilizing flexibility or elasticity of 

the wall portion 117A. However, this arrangement may be 

arbitrarily modified. For example, the wall portion 
.. 

117A need not have flexibility. Even if the wall 

portion 117A is rigid, the projection 107 may be 

supported by a spring or the like and biased outward. 

In this case, the projection 107 is retracted inward 

during mounting. When the projection 107 opposes the 

opening 117, it is fitted in the opening 117 by the 

biasing force of the spring. 

In this embodiment, the head element 100 is formed 

integrally with a relatively elongated base plate 106. 

By utilizing this portion, mounting operations including 

positioning can be further facilitated, and the mounted 

state can be further guaranteed. 
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Fig. ·4 shows a structure for the above purpose. In 

this embodiment, a surface of an abutment member 118 

formed in the element storage portion llOA of the ink 

·tank 110 is a tapered surface 118A against which the 

rear end of the base plate 106 abuts. In.the abutted 

state shown in Fig. 4, the projections 107 are 

positioned with the openings 117, the positioning 

projection 119 is aligned with a hole {not shown} formed· 

in.the base plate 106, and the communication pipe 109 is 

aligned with the opening 120. 

More specifically, when the head element 110 is to 

be mounted on the ink tank 110, the rear end of the base 

plate 106 abuts against the tapered surface 118A of the 

abutment member 118. In this state, the operations 

shown in Figs. 3A and 3B are performed to conn~ct 

the head element 100 to the ink tank 110. In addition 

to fitting of the projections 107 into the openings 117, 

the rear end of the base plate 106 is urged against the 

ink tank 110 by the tapered surf ace ll8A, thereby 

further assuring a stable mounted state. 

As described above, according to this embodiment, 

the recording head element can be appropria~ely 

connected to the ink tank by a simple operation. At the 

same time, a good ink communication state can be 

obtained. Therefore, the process for manufacturing the 

recording head can be simplified, and the manufacturing 

cost becomes low. When the ink is consumed to a ve.ry 
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small amount or runs out, the head element which is more 

expensive than other members constituting the ink tank 

need not be replaced. The user may replace only the ink 

tank, thereby reducing the maintenance expenses~ 

According to the present invention as has been 

described above, there is provided an ink-jet recording 

head wherein a recording head body (head element) can be 

easily connected to the ink tank, and a stable· ink 

communication state· in the mounted state can be 

obtained. 

According to the present invention, the energy 

generating element for generating energy for injecting 

an ink may comprise a heating element serving as an 

electricity-heat converter having a heating resistor and 

electrodes coi:mected to the heating r~sistor, or a 

piezoelectric element serving as an electromechanical 

converter. 

In the ink-jet head used in the present invention, 

the direction for injecting an ink from the injection 

ports may be the same as or different (e.g., 

perpendicular to each other) from the direction for 

supplying an ink to the position in the ink path where 

the energy generating element is arranged. 
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The present invention brings about. exce11ent 

·effects particu1ar1y in a· recording bea~. recording 

device of the bubbl.e jet system among the ink jet 

reco~ding system. 
. 

As to its representative constitution and 

principl.e. £or exampl.e. one practiced by use 0£ the 
• 

basic principl.e discl.osed in, £or exampl.e. U.S. 

Patents 4.723.129 and 4.740.796 is preferred. ~his 

system is applicabl.e to either of the so cal.l.ed on-

demand type and the continuous type. Particu1arl.y. 

the case of the on-demand type is effective because. 
. . 

by appl.ying at l.ea~t one driving signal. which gives 

rapid temperature el.evation exceeding nuc1eus boiling 

corresponding to the recording information on an 

el.ectricity-heat convertors arranged corresponding 

to the sheets or liquid channel.s hol.ding liquid (ink) 

heat· ~ergy is generated at the el.ectricity-heat 

convertors to effect £il.m boi1ing at the heat acting 

surface of the recording head. and consequentl.y the 

bubbl.es within the l.iquid (ink) can be formed 

corresponding_ one by one to the driving .signal.s. 

By discharging the l.iguid (ink) through an opening 

for discharging by growth and shrinkage 0£ the bubble. 

at~reast one droplet is formed. By making the driving 

signals into pul.se shapes, growth and shrinkage of the 

bubble can be effected instantl.y and adeguatel.y to 

accomp1~sh more preferably discharging of the 1iguid 
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(ink") particul.arl.y excellent in response characteristic. 

As the driving sign~l.s of such pulse sh~pe. those as 

discl.osed in U.S. Patents 4,463,.359 and 4,345,262 are 

suitable. Further excellent recording can be perfoJ:med . 
. 

by empl.oyment of the conditions described in U.S. 

Patent 4,3l3,.124 of the invention conceJ:ning the 

temperature e1evation rate of the above-mentioned 

heat acting surface. 

As the constitution of the recording head,. 

in addition to the combination constitutions of 

discharging orifice,. liquid channe1,. e1ectricity­

heat converter ( 1inera liquid channe1 or right angl.e 

liquid channel.) as discl.osed in the above-mentioned. 

respective specifications. the constitution by use of 

U.S. Patent 4,558,333, 4,459,600 discl.osing the 

constitution having the heat acting portion arranged 

in the fl.exed.region is a1so incl.uded in the present 

invention. ·In addition. the present invention.can 

be also effectively made the constitution as discl.osed 

in Japanese ~atent Laid-Open Appl.ication No. 59-123670 

which discl.oses the constitution using a sl.it common 

to a pl.ura11ty of el.ectricity-heat .convertors as the 

disc·harging portion of the electricity-heat converter 

o~ Japanese Patent Laid-Ope~ Appl.ication No. 59-138461 

which discl.oses'the constitution having the opening 

for absorbing pressure wave of heat energy corres-

pondent. to the discharging portion. 
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Further, as the recording head of the fu11 

1ine type having a 1ength corresponding to the.maximum 

width of recording medium which can be recorded by the 

recording device, either the constitution which 
. 

satisfies its 1ength by combination of a p1ural.ity 
; 

of recording beads as disc1osed in the above-mentioned 

specifications or the constitution as one recording 

head integrally £ormed may be used, and the present 

invention can exhibit the effects as described above· 

further effective1y. 

Zn addition, the present invention is effectiye 

for a recording head of the free1y exchangeab1e chip 

type which enab1es e1ectrica1 connection to the main 

device-or supp1y of ink from the main device by being 

mounted on the main device, or for the case by use 

of a recording head of the cartridge type provided 

integra11y on the recording head itse1f. 

A1so, addition of a restoration means for 

the recording head, a pre1iminary auxiliary means, 

etc. provided as the constitution of the recording 

device of ;he· present invention is preferab1e. because 

the effect of the present invention can be further 

stabi1ized. Specific examp1es of these may inc1ude, 

for the recording.head, capping means, c1eaning means, 

pressurization or aspiration means. e1ectricity-heat 

converters or another heating e1ement or pre1iminary 

heating means according to ~ combination of these. 
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and.it is also effective for performing stab1e recording 

to perform preliminary mode which performs discharging 

separate from recording. 

Further. as·tlie recording mode of the recording 

device. the present invention is extremely effective 

for not onl,y the recording mode only of a primary 
. 

stream co1or such as black etc •• but also a dev:ice 

equipped with at least one of plural different 
. 

colors or fu11 color by color mixing. whetheJ;".the 

recording head may be either integrally constituted 

or combined in plural number. 

This invention relates to an ink-jet cartridge 

including an ink-jet head body and an ink storage 

portion which include coupling members, respectively. 

The ink storage portion includes an absorbing member, 

while the ink-jet head body includes an ink 

communication pipe. 
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Wedaim~ 
L An ink-jet canridp inclading a ink-jet head body 

having an ejection port and an cacrgy generating cle­
ment for generating eneru med ror ejecdag ink, said 
emqy p:aerabn1 element beiqarrnged in comspon­
dcnee with said ejectioD port, ad aa ink storage ponion 
for 1S01iDJ mt to be sappliecl to· said ink-jet had bcJ4y, 
said iDk "stcnac ponioa· beina· iDtepally lllODDtlb'e _to 
aid illk-jet head body. wherein: ' 

said ink-jet lad bod)' and said ink srorap portion 
Slade nspec1iw coap&q members coap1ed ta 
acb other upcm 1llCRIDtiD& of lllid iak-jet Jaead body 
to said ink sunge ponion; 

aid ink~ ponioa includes a absarbina mem· 
· ber for absorbma ink in said iDk storage ponion and 
a supply pan for Sllpplyjq ink 10 aid ink-:jet head 
body; ad 

aid ink-jet head body iaclades an ink cmmnnaication 
pipe imened into Sli&l supply pon llpOD coupling of 
llicl couplina members dmina mountin& or said 
ink-jet bead body OD aid illk lt01'ap portion IO 
tbat an ink-inuoducing pon or Slid ink commnni· 
cation pjpe is heJd in pressure abutment with said 
abscirbins member to compress said absorbing 
member when Slid ink-jet bead body IDd said ink 
storage ponion are coupled to each other by said 
coupling members. 

%. A cartridge accordinJ to claim 1, wherein said 
couplmg member comprise a ponion formed on said 
mk-jet head body and an opening formed in said ink 
storage ponion and engageable with said projection, 
and a part of said ink storase ponion which corresponds 
to said opening has elasticity. 

3. A canridge according to claim 1, farther compris­
ing a mter formed at said bak-iDtroclucing port or said 
ink communication pipe. 

4. A canridge according to claim 1, wherein said 
energy generating element is an ·electricity-heat con­
verter Cor generating heat energy. 

5. A canridge according to claim 1, wherein said 
absorbing member consists essentially or a porous mate­
rial. 

6. A cartridge accordiq to claim 1, wherein Slid 
absorbing member consists ascmtiaDy or fibms. 

7. A cartridge accord.in& to claim 1, wherein said 
energy generating element is an electromec1unaical con­
verter including a piezoelectric ch:mc:nt. 

-- ------------ - --- --

111111111111111111111111111111 
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I. A: caruidse accordin1 to claim I. whelein the 
direction the int is ejected rrom said e.jeCtioa port is 
subslantially tbewasa &tireclion loriD which the ink 
is supplied to tbe position m said ink-jet· head body 
where said energy gamating elemmt is arranged. 
. t. A cartridge ac:cordiDa to claim 1. wherein the 

direction the· ink· s ejec;ted from aid t;jectian port is 
different fiom a directioll ia whic:b tbe ink is suppled to 
the position in said int-jet Jaad body where aid caaaU 
pnerating element is ammpd. , 

10. A ea1 b klge acconfinl to claim I. whereba tbe 
direction the ink is ejeeted flom said f6ecdan port is 
•bslandaJly perpendicallr to a direc:don m which the 
mt.is supplied t~ die posbida in llicl illk-:jet head body .. 
where said enqy aenemUna element is arranged. 

IL A cutridge according to claim I, farther having 
plural said ejection pons. 

12. A caruidse ac:cordiDa to c:1aim 1. further having 
plural said ejection pons. 

D. A caruidae accorctina to claim u, wherein said 
ink-jet body is a full-line type bad having said plurality 
or ejection pons iD cmrespoadence with a width or a 
recontin1 medium. 

. · 14. An ink-jet apparatus comprising an ink jet car­
tridge and a member formODDting Did ink-jet cartridge. 
said int-jet c:anridF inc1uding u iak-:iet head body 
having a11 ejection port and an energy gmerating ele­
ment for generating energy 1lied for e.iectina ink. said 
energy geaendnJ element being ammpd in conespcm­
dence with said ejection port, ad an int storage ponkm 
ror storing ink to be supplied to said ink-jct bead body. 
aid ink storase pm1ion being integrally moated to 
aid ink-jet head body, wherein: . 

said ink-jet head body md said ink storage portion 
iaclude mspecdve coupliaJ memben which are 
coupled to each other upon mo'llllting or said ink- . 
jet head body to said ink storage portion; 

said ink storage portion includes an absorbing mem­
ber for absorbiD& ink in said ink storage portion and 
a supply pon for supplying ink to said ink-jet bead 
body; and 

said ink-jet head body includes an ink communication 
pipe inserted into said supply pon upon coupling or 
said couplm1 membm dmiDg moalina or aid 
iDk-jet head body OD said ink storage portion 10 
that an ink-introducing port of' a.id ink communi­
cation pipe is held in presswe abutment with Slid 
absorbing member. to compress said absorbiaa 
member when said ink-jet head body and said ink 

I lllllll II/II/ llll/ Ill/I /11111 
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. storage portion are coupled to each other by said 
coupling members. 

.U. An apparatas acconliag to c:1alim 14, ·wherein said 
coupling member compiise a psojection formed on said 
ink-jet head body. and an opening rormect ill said ink 
storap portioD and enppebJc with . llid projecdaa, 
and &part afllid ink storagepollion which omnspom1s 

-:.a • L-.. Lm;city . 
to~ opeR!q ... e • 

16. AD appmatas accordiq to c111im 14, Cmther com­
prising a filter formed at said pide pon or Slid •· 
inttoducina pipe. . 

17. An appaaatas according to c1llim l4, wherein said 
energy gmeradng element is a electricity-heat coa­
vener for aeueradna heat energy. 

11. AD apparatus according to claim 14, wherein said 
absorbina member CODSists esseadally or a porous mate­
rial: 

u. An apparatus acCording to claim 14, wherein Slid 
abso,rbing member condsts mentilDy ottibm. 

20. All apparatus acconlin1 to claim 14, wherein aid 
energy genezating ekmm~ is an elec:cro-mechanical 
convener incJudiDa a pinoelec11ic element. 

2L All apparatus accontiDa to claim 14, wherein the 
dizection ~e ink is ejected hia said ejecdon pon is 
"substantially thew u a direcdon in which the ink is 
mpplied to tbe position in said Wc-jet head body where 
said SeraY pneradng element is arranged. 

22.. An apparatus mccarcling to Claim 14, wherein the 
ctirec:cion the int is ejected from said ~ection port is 
diff'erent from a directicm in which them is app1ied to 
the position in .said ink-jet head body where said energy 
geaeratingaementisarranpd. 

23. An apparatus ICCOl'ding to claim 14, wherein the 
direction the ink is ejected Crom said ejccdcm port is 
substantially papmdic11Jar to a ctirecticn in which the 
ink is supplied to the position in said ink-:jet ·heat body 
where aid energy generating element is ammpd. 

:K. An apparatus according to claim 14, wherein said 
~ember.mows said cartridp for priDtiag on a secard· 
mgmedmm. 

25. An apparatus according to cJmm 14. further hav­
iq p1ma1 aid eaeraY amaatins aemems. 

2'. An apparatus accotdiaa to claim 14, fmtber hav­
ing plmal Slid ejection pons. 

%7. An apparatus according to claim 2', whereill said 
ink·jet body is a fuD-line type head having said plmality 
or ejection pons in correspondence with a width or a 

I recordin& medium. 

----····---------·----· 
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